Abstract: A long-term monitoring of the upper Váh River was carried out in order to evaluate evolution of water quality by means of ciliate taxocoenoses. One sampling station (Lisková) was located upstream of the pulp and paper mill in the town of Ružomberok, while two stations (Bystrá and Stankovany) were situated downstream of Ružomberok. Benthic samples were collected three times a year at each station during 2004-2011. This long-term study enabled us to assemble a comprehensive checklist of ciliates recorded in the upper Váh, and to characterize and compare the ciliate communities in the investigated watercourse. The saprobic index and valency analysis of the ciliate communities allowed us to quantify organic input and to evaluate changes in the saprobity of the upper Váh. The saprobic index ranged from 2.45 to 3.66 corresponding to the quality classes II-IV. Further, there was a prevalence of the α-and β-mesosaprobic levels, but during some periods the polysaprobic level increased along with the decrease of the β-mesosaprobic level. Beside the organic pollution, toxic contaminations were also noticed several times in the studied watercourse. This was documented by a significant drop in the species diversity and abundance of ciliates as well as by various morphological malformations and movement disorders of ciliates and other microorganisms. However, the negative effect of toxic and/or organic pollution wore off relatively quickly, indicating a good self-purification capability of the river.
Introduction
The Váh is the longest Slovak river (406 km) exceeding a height difference of about 550 m. It has two sources, the Biely Váh (White Váh) in the High Tatra Mts and the Čierny Váh (Black Váh) in the Low Tatra Mts, which meet at the village of Kráľová Lehota. The Váh flows westwards and southwards over northern and western Slovakia, respectively, feeding into the Danube near the town of Komárno at the Hungarian border (Lukniš et al. 1972 ). The Váh includes 11 artificial dams (e.g., Liptovská Mara), 16 hydropower stations, a sewage treatment plant in the village of Bystrá as well as a pulp and paper mill in the town of Ružomberok. The two latter hydroengineering structures in Bystrá and Ružomberok cause the upper Váh watercourse to be an interesting object for studying water quality and its evolution in a long-term framework.
In the past, hydrobiological research in the upper Váh was focused mainly on fish and macrozoobenthos. For instance, Kirka et al. (1982) carried out a probing survey of benthic fish before and after putting into operation the sewage treatment plant in Bystrá, which is downstream of the town of Ružomberok. Their results documented a poor quality of water, classifying it into the IV class. About one decade later, Krno et al. (1993) showed a distinct water quality improvement in the vicinity of Ružomberok, and Bulánková et al. (1996) noted several faunistically important aquatic insects in the middle Váh and its tributaries before construction of the hydroelectric power plant Žilina. Later on, Derka (1999) recorded some endangered mayflies (Ephemeroptera) in the municipality of the Ružomberok District.
In spite of the significance of the Váh watercourse and several hydrobiological surveys performed there, no comprehensive data on microzoobenthos are available. Nonetheless, there is some information on ciliate biota from the territory of the artificial dam Liptovská Mara (Matis 1968) and from the reopelagial of the lower Váh near the town of Komárno (Baláži 2010) . Ciliate taxocoenoses were long-term investigated also in connection with construction of the hydroelectric power plant Žilina on the middle Váh. However, these observations have not been published and do exist only in a form of final project reports (Hensel et al. 2000) . Madoni (1994) suggested that ciliates, as a quantitatively important component of benthic and periphytic microcommunities in riverine ecosystems, should be used alongside macrozoobenthos in the biological monitoring of watercourses because ciliates (1) play a significant role in the decomposition process through Fig. 1 . Map of Slovakia showing the river network and the localization of the studied area (marked by rectangle). Detail of the studied area is depicted below the map of Slovakia. Towns are written in ordinary font, studied localities in bold face, water bodies (rivers, streams, water reservoirs and artificial dams) in italics, and countries bordering Slovakia in spaced type. Towns are shaded grey, while water reservoirs and artificial dams are shaded black. their consumption of bacteria and (2) promptly react on a variety of changing factors, including an increased organic load. Moreover, abundance ratios of ciliates provide a comparatively real picture about actual trophic conditions and an intensity of self-purification processes in freshwater environments (for review, see Blatterer 2008 ). Water quality evaluation by ciliate taxocoenoses was and is still frequently utilized in biomonitoring studies (e.g., Šrámek-Hušek 1958; Liebmann 1962; Bick 1972; Sládeček 1973; Madoni 1983 Madoni , 2005 Madoni & Bassanini 1999; Madoni & Zangrossi 2005; Madoni & Braghiroli 2007) . Following this approach, a number of watercourses and water reservoirs have been saprobiologically evaluated in Slovakia (e.g., Tirjaková 1993 Tirjaková , 1997 Tirjaková , 1998 Tirjaková , 2003a Tirjaková , b, 2004 Tirjaková , 2006 Tirjaková , 2010 Baláži & Matis 2002; Tirjaková & Stloukal 2004) .
In this work, an 8-year study of ciliates collected at three stations along the upper Váh was performed. The main aims were: (1) to provide a comprehensive checklist of ciliates recorded in the upper Váh; (2) to characterize the ciliate communities in the studied watercourse; (3) to compare the ciliate taxocoenoses at three sampling stations, one up-and two down-stream of the pulp and paper mill in Ružomberok, the supposed most important polluter at the upper Váh; and (4) to evaluate the water quality of the upper Váh by means of the ciliate taxocoenoses.
Material and methods
Three sampling stations were defined at the upper Váh (northern Slovakia). The first was located upstream of the pulp and paper mill in Ružomberok, i.e., near the village of Lisková (49 • 5 3.87 N, 19 • 21 9.63 E). The second and third were situated downstream of the pulp and paper mill, i.e., near the villages of Bystrá (49 • 5 4.79 N, 19 • 17 7.69 E) and Stankovany (49 • 8 26.33 N, 19 • 10 14.57 E), respectively ( Fig. 1) . At each station, samples were taken three times a year to record the spring, summer and fall aspect of the ciliate communities during 2004-2011. The upper fine sediment layer (1 cm) and 0.2 litre of river water above the sediment were collected at all three localities in regions with low flow velocity in a way that all samples were similar and comparable. High water levels occurred irregularly after water discharge from the artificial dam Liptovská Mara or after intensive rains. Sampling sites were then chosen in a way that effect of moving sediments during higher flow velocity was similar at all three localities. The collected material was subsequently transported to the Protistological labora-tory at the Department of Zoology, Comenius University in Bratislava, Slovakia.
To obtain a more accurate picture about ciliate diversity of the upper Váh, observations from four further localities inspected during 2002-2003 were also included into • 7 46.56 E). Sampling at these four localities was performed as described above.
Species identification and estimation of abundance ratios were performed within a maximum of 12 hours after the sampling. The ciliates were determined according to Foissner et al. (1991 Foissner et al. ( , 1992 Foissner et al. ( , 1994 Foissner et al. ( , 1995 , Foissner & Berger (1996) and the references cited therein. When necessary, samples were prepared for detailed taxonomic examinations by methods used in studying the ciliate organization (supravital staining and/or protargol impregnation) as described by Foissner (1991) . Quantitative evaluation of ciliate population densities was based on enumeration from sub-samples collected with a micropipette (Madoni 1984) . Briefly, 20 replicates of sub-samples of 50 µl in volume were taken and active ciliates therein were counted or the number of ciliates was estimated when their abundances were extremely high. Ciliates were assigned to the trophic groups based on the food vacuole analysis and according to Foissner et al. (1995) . Water quality was evaluated using the saprobic values from Sládeček's list of ciliates revised by Foissner et al. (1995) , whereby saprobic index (SI) and saprobic levels were calculated according to the formulae proposed by Pantle & Buck (1955) and Zelinka & Marvan (1961) , respectively.
Species diversity was measured by Shannon-Wiener's index using natural logarithms (Poole 1974 , Spellerberg & Fedor 2003 . The assessment of community similarity was performed by hierarchical cluster analyses using the computer program NCLAS from the package Syn-Tax (Podani 1993) . The complete linkage clustering method was carried out in a combination with Sørensen's index and Wishart's similarity ratio index.
Results

Species diversity and abundance of ciliates
Totally 154 taxa of ciliates were identified at the three stations monitored for a period of eight years (Table 1) . Only three further taxa (Amphileptus sp., Leptopharynx costatus and Vorticellides aquadulcis complex) were added when four near by localities were inspected for ciliates during two years. This indicates that our checklist collates most of the ciliate diversity of the upper Váh. Out of the 157 taxa, eight were determined only to a genus level and five belonged to taxonomically difficult species complexes, such as Paraurostyla weissei, Stylonychia mytilus or Tetrahymena pyriformis. Four of the 157 species found were recorded for the first time in the territory of Slovakia: Acineria punctata, Alinostoma burkli [very likely a synonym of A. plurivacuolata (Deroux & Dragesco, 1968 ) Jankowski, 1980 , Disematostoma tetraedricum, and Monomacrocaryon polyvacuolatum.
The number of ciliate species in the studied samples was very diverse with an average of about 17 species per sample. The lowest number of species (6) was recorded in a sample collected during summer 2007 at the site Lisková and during autumn 2007 at Bystrá. This extremely low numbers of species were very likely caused by the presence of toxic compounds in the watercourse. A maximum of 35 species was noted in autumn 2004 at Bystrá, followed by Lisková which harboured 32 species in autumn 2006 (Table 2) .
Only seven species were found at all seven localities: Aspidisca cicada, A. lynceus, Cinetochilum margaritaceum, Holosticha pullaster, Litonotus cygnus, Loxocephalus elipticus, and Pleuronema coronatum. Among them A. lynceus was observed in the highest number of samples (64 out of 69), reaching the highest abundance of 1000 ind./ml during summer 2004 and 2008 at the locality Bystrá. Several other species were also present in relatively high numbers of the samples investigated: C. margaritaceum (in 60 out of 69 samples) with the highest abundance of 1000 ind./ml during autumn 2009 at the locality Lisková; H. pullaster (in 60 samples) with the highest abundance of 1000 ind./ml during spring 2009 at the locality Bystrá; Litonotus alpestris (in 50 samples) with the highest abundances of 2000 and 5000 ind./ml during spring 2008 and summer 2009, respectively, at the locality Bystrá; and Tachysoma pellionellum (in 43 samples) with the highest abundance of 200 ind./ml during spring 2004 at the locality Stankovany. Several species were observed in a comparatively low number of samples (< 25), but sometimes they achieved extremely high densities. Specifically, Pseudochilodonopsis algivora reached a peak of 20000 ind./ml at the locality Lisková in spring 2008 due to the epidemic development of algae. The highest abundance of ciliates (22300 ind./ml) was thus noted in spring 2008 at Lisková, while the lowest abundance (80 ind./ml) in summer 2007 at the same locality (Table 2 and Fig. 2 ). However, it is important to note that Bystrá has the highest average abundance of approximately 1906 ind./ml, while Lisková has typically the lowest ciliate abundances usually being below 700 ind./ml.
There were many sporadic species in the examined samples: 46 species were recorded only in one sample, 12 species were found in two samples, and 13 species were noted in three samples. These rare species usually reached low abundances spanning a range of 5-60 ind./ml. The sole exceptions were Paraurostyla weissei which reached a peak of 400 ind./ml in summer 2010 at the locality Lisková, and Cristigera phoenix which reached the maximum density of 200 ind./ml in summer 2008 at the site Bystrá.
Ciliate communities and trophic groups
The ciliate communities of the upper Váh were strongly differentiated and changed quickly in time. This was shown, especially, by the hierarchical cluster analysis of the 69 samples collected during eight years at three sites. Most of the samples were grouped at high levels of dissimilarity by both Sørensen's and Wishart's index without any clear spatial or chronological connection (data not shown). However, a very clear pattern was obtained when relationship only between communities at the three sites were assessed. Specifically, the community at the site Lisková, which is situated upstream from the pulp and paper mill in Ružomberok, was detached on a dissimilarity level of 26% by Sørensen's index and 95% by Wishart's index. On the other hand, the two sites localized downstream from the pulp and paper mill in Ružomberok were connected at a dissimilarity level of 22% by Sørensen's index and 58% by Wishart's similarity ratio index (Fig. 3) . The taxocoenose at the site Bystrá was slightly richer on species than the two other localities. Namely, there were 114 taxa recorded at Bystrá, 102 taxa at Lisková, and 96 at Stankovany. Alpha-diversity at the studied sites was evaluated by Shannon-Wiener's index H . The diversity index spanned a wide range from 0.30 to 3.16, with an average of 2.11. The highest diversities (H > 2.50) were recorded mainly during the colder parts of year, i.e., during spring and autumn, as well as when the biological quality of water was good. The diversities were lowest (H < 1.50) either during summer or when the water quality was poor due to the presence of toxic agents. Likewise, equitability at the studied sites varied greatly from 0.15 to 0.96, with an average of 0.76. Generally, the most diverse communities were the most equitable and vice versa (Table 2) .
Trophic group analysis showed that out of the 154 taxa found, 66 were omnivorous, 50 bacterivorous, 29 carnivorous, and 9 algivorous. Generally, omnivores dominated in the ciliate communities and were followed by bacterivores, with an average proportion of bacterivores to omnivores of 0.8:1 per sample. The presence of predators was very stable in the studied samples. Usually there were about two carnivorous species per sample, with a maximum of 5 species. Predatory ciliates were absent only in three samples, two of them were collected during summer. Ciliate species specialized exclusively or dominantly on algal food were underrepresented in the upper Váh. Specifically, algivores were present in only about two thirds of the samples investigated, with an average of 1.7 species per sample. They were absent in 15 samples collected during summer, in 7 samples during autumn, and in 4 samples during spring.
Long-term changes in biological quality of water Evolution of the water quality was monitored during a period of eight years on the upper Váh. The results of the saprobic evaluations based on the ciliate communities are summarized in Tables 2 and 3 . Changes in the water quality and community structure are described below for each year separately.
During the spring season of year 2004 the saprobic index values ranged from 2.77 to 3.00 corresponding to the quality classes II-III. The poorest water quality was revealed at Bystrá which is situated downstream of and closest to the pulp and paper mill in Ružomberok, the supposed most important polluter on the upper Váh. This was also reflected by the highest relative abundance of the polysaprobic level (p = 4.66) at this station. The biological quality of water became slightly worse in summer when the saprobic index reached a value of 3.02 and the abundance of ciliates increased from 1057 to 3400 ind./ml at Bystrá. Large bacterivorous species, such as Paramecium caudatum (600 ind./ml) and Spirostomum teres (200 ind./ml) dominated in the summer community at this locality, which indicated a high organic load in the watercourse. Biological quality improved downstream of Bystrá, as shown by the saprobic index of 2.89 and the clear prevalence of the α-mesosaprobic level (α = 6.01) at Stankovany. Carchesium polypinum, a colonial bacterivorous peritrich, reached there a peak of 500 ind./ml, indicating that rather intense self-purification processes were still ongoing at this locality. In autumn no conspicu- Pantle & Buck (1955) and saprobic levels according to Zelinka & Marvan (1961 Explanations: Samples are designated as follows: season (Au -autumn, Sp -spring, Su -summer)/year. SI -saprobic index, ooligosaprobity, β -beta-mesosaprobity, α -alpha-mesosaprobity, p -polysaprobity.
ous fluctuations in the community structure of ciliates along the upper Váh were noticed. Specifically, the ciliate taxocoenoses at all three stations became more equitable (e = 0.75-0.89), the abundances ranged from 405 ind./ml at Lisková to 920 ind./ml at Bystrá, and the saprobic index varied from 2.77 to 2.96.
During year 2005 no significant changes in the structure of the ciliate communities were recorded. Thus, the taxocoenoses were comparatively diverse (H = 2.03-2.63) and well-balanced (e = 0.79-0.95) having 13-22 species at all three localities. The saprobic index ranged from 2.45 to 2.69 and the highest relative abundances were recorded in the α-and β-mesosaprobic levels. The sole exceptions were two samples collected in autumn at both localities situated downstream of the pulp and paper mill, i.e., Bystrá and Stankovany. These two stations displayed an increased saprobic index (SI = 2.91-3.12), whereby relative abundances were shifted to the α-mesosaprobic and polysaprobic levels. This is also well documented by the comparatively high abundances of two α-mesosaprobic species, Vorticella convallaria (1000 ind./ml) and Trithigmostoma cucullulus (600 ind./ml), at Bystrá and of one polysaprobic species, Glaucoma scintillans (500 ind./ml), at Stankovany.
During the year 2006 there was a gradual decrease of the biological quality of water from spring to autumn season at each locality. However, the water quality did not decrease along the watercourse, as it is a general rule, but was worst at Bystrá and then slightly improved at Stankovany, a pattern observed also in the two previous years. This was marked by the highest values of the saprobic index (SI = 3.11-3.17) and by the progressive increase of the α-mesosaprobic and polysaprobic levels together with the slight decrease of the β-mesosaprobic levels at Bystrá. The lower values of the saprobic index at Stankovany (SI = 2.57-3.09) in comparison with Bystrá could be explained by the inflow of the comparatively clean Ľubochnianka stream near this locality and/or by the good self-purification capability of the river.
During year 2007 an influence of toxic agents, which were very likely introduced by waste matter or anoxic sediments from the artificial dam Liptovská Mara, was noted at the locality Lisková in summer. This was shown by a significant drop in the species spectrum (i.e., only six species were recorded) and the abundance of ciliates (80 ind./ml). Further, the observed specimens displayed various morphological malformations and movement disorders. The same applied also to other microscopic organisms, especially to rotifers, found in the same sample from this locality. The toxic effect was manifested also at the locality Bystrá already during summer, but culminated in autumn when only six species occurred and altogether reached an abundance of 320 ind./ml. However, no such effect was recorded at the last locality, Stankovany, where the diversity (H = 2.38-2.50), the number of species (16) (17) (18) (19) (20) and their abundances (490-1295 ind./ml) did not show any unusual fluctuations. This indicates a good selfpurification capability of the river. On the other hand, this toxic effect could not been, of course, recognized by the values of the saprobic index and the saprobic levels which achieved the highest relative abundances in the α-to β-mesosaprobic levels throughout year 2007 at all three localities.
Significantly increased abundances were noted at least during some periods of year 2008 at all three localities, which is suggestive of a higher level of organic pollution. A very inequitable community (e = 0.19) developed at Lisková in spring, whereby the α-to β-mesosaprobic Pseudochilodonopsis algivora reached a peak of 20000 ind./ml due to the massive occurrence of algae. The decreased biological quality of water was well reflected by the almost highest saprobic index (SI = 2.95) recorded at this locality and by the clear prevalence of the α-and β-mesosaprobic levels at 4.99 and 4.97, respectively. At the locality Bystrá the ciliate density achieved a comparatively high value of 7520 ind./ml in summer. This summer community was rather poor in species diversity (H = 1.26) and comparatively inequitable (e = 0.48), as the small-sized rapacious Litonotus alpestris distinctly dominated (5000 ind./ml) over the other taxa recorded. Abundances were relatively increased during spring (2695 ind./ml) and summer (2110 ind./ml) also at the third locality, Stankovany. Accordingly, the saprobic index ranged from 3.00 to 3.14, corresponding to the quality class IV, and the α-mesosaprobic and polysaprobic levels prevailed there. On the other hand, during autumn the abundances decreased (185-940 ind./ml), while the diversity of communities increased (H = 2.04-2.42) and the ciliate taxocoenoses became rather equitable (e = 0.87-0.93) at all three localities. Likewise, the biological quality of water also improved in autumn, which is well documented by the decreased values of the saprobic index (SI = 2.54-2.82).
During year 2009 the ciliate taxocoenoses at all three localities were comparatively diverse (H = 2.22-2.82) and equitable (e = 0.74-0.90), except for the spring and autumn community at Bystrá as well as the autumn community at Stankovany (H = 1.45-2.04, e = 0.54-0.63). On the other hand, the whole upper Váh suffered from organic pollution during this year, as documented by the increased abundance during spring at Bystrá (11580 ind./ml) and by the occurrence of several anaerobic and polysaprobic species, such as Brachonella spiralis (10 ind./ml), Caenomorpha medusula (20 ind./ml), Metopus es (40 ind./ml), and Plagiopyla nasuta (10 ind./ml) during autumn at the same locality. Further, several bacterivorous species (Cinetochilum margaritaceum, Ctedoctema acanthocryptum, Cyclidium glaucoma, and C. heptatrichum) dominated at Stankovany during spring (1860 ind./ml) and autumn (800 ind./ml). This is also corroborated by the progressive increase in the α-mesosaprobic and polysaprobic levels together with a slight decrease of the β-mesosaprobic level in the majority of samples collected on the upper Váh during year 2009. A number of morphological malformations of ciliates was noticed again at the locality Lisková, indicating a presence of toxic agents which very likely came from the artificial dam Liptovská Mara. However, no toxic impact on the morphology or abundance of ciliates could be recognized at Bystrá and Stankovany, indicating that the river could handle very effectively this kind of contamination.
During year 2010 the ciliate taxocoenoses were influenced by the frequent rains causing unpredictable changes in the community structure. The saprobic index increased gradually from Lisková (SI = 2.69-2.85) trough Bystrá (SI = 2.79-3.27) to Stankovany (SI = 2.83-3.66). Likewise, the relative abundance of the saprobic levels was being shifted from the α-and β-mesosaprobity to the α-mesosaprobity and polysaprobity. A distinct decrease in the diversity and equitability was observed from spring to summer at the localities Bystrá and Stankovany. Specifically, the diversity index dropped from 1.25-1.44 to 0.30-1.11 and the equitability decreased from 0.49-0.53 to 0.15-0.42. Moreover, many ciliates were malformed and many other microorganisms were dying or inactivated in the summer samples from these two localities. However, the euryoecious Tetrahymena pyriformis dominated at both localities, achieving a peak of 2000 ind./ml at Bystrá and 1000 ind./ml at Stankovany. The toxic agents could come from eroded field soil that was washed out after the intensive rains. However, no manifestations of the toxic compounds in the watercourse were noticed in autumn at any locality.
During year 2011 no conspicuous changes in either quantitative or qualitative parameters of the ciliate community structure were noted. The ciliate taxocoenoses were comparatively diverse (H = 2.20-2.94) and equitable (e = 0.71-0.95), with abundances spanning a range of 235 to 1860 ind./ml. The saprobic index varied from 2.47 to 2.84 and there was a clear prevalence of the α-and β-mesosaprobic levels at all three localities. No toxic contamination of the studied watercourse was observed.
Discussion
For many decades ciliates have been used as indicators of various environmental changes in water ecosystems (e.g., Šrámek-Hušek 1958; Liebmann 1962; Bick 1972; Sládeček 1973; Madoni 1983; 2005; Bereczky & Nosek 1993; Sola et al. 1996; Madoni & Braghiroli 2007; Andrushchyshyn et al. 2009 ). Moreover, these eukaryotic microbes reflect very well a variety of anthropogenic pressures on freshwater bodies, such as increased organic load (e.g., Madoni & Bassanini 1999) , toxic pollution (e.g., Madoni et al. 1996 Madoni et al. , 1998 Madoni 2000; Gutiérrez et al. 2003) or eutrophication (e.g., Xu et al. 2005) , by alterations in their community structure. Beside the species spectrum, significant changes in the abundances of ciliates "either a massive increase of their densities at high organic load or a conspicuous drop at toxic contamina-tion" can be utilized in biomonitoring studies (Blatterer 2008) . Also inactivation of specimens, morphological malformations or movement disorders of ciliates can hint at harmful human activities effecting freshwater environments. All these negative changes have been several times noticed in the ciliate taxocoenoses during the eight-year monitoring of the upper Váh.
Three stations were defined on the upper Váh in order to reveal its most important polluters and to monitor changes in water quality along the watercourse. The locality Lisková was situated downstream of the artificial dam Liptovská Mara and upstream of the town of Ružomberok. As the upper reach of the studied watercourse, this station should have a more or less clear prevalence of the β-mesosaprobic species. The station Bystrá was localized downstream of and closest to Ružomberok, and hence was most influenced by the pulp and paper mill and the sewage treatment plant. Since this locality was most affected by anthropogenic activities, it should display the highest relative abundances in the α-mesosaprobic and/or polysaprobic levels. Finally, the station Stankovany was situated about 11.5 km downstream of Bystrá and was not exposed to any significant polluting sources. Thus, this third locality should either achieve the highest values of the saprobic index because it tends to increase along a watercourse or display a better quality of water than Bystrá if the self-purification capability of the upper Váh is very good.
By comparison with the two other localities examined, Lisková harbours the most diverse (H = 2.23) and equitable (e = 0.82) ciliate community. With a few exceptions, the ciliate abundances achieve the lowest values, being typically below 700 ind./ml, at this locality. Moreover, Lisková has the lowest average value of the saprobic index (SI = 2.70) and a clear prevalence of the β-to α-mesosaprobic levels. Only during a few periods there was a progressive increase in the polysaprobic level together with a slight decrease of the β-mesosaprobic level. However, toxic contamination was noted two times (summer 2007 and autumn 2009 ) at this locality, as shown by the significant drop in the ciliate diversity and abundance as well as by various morphological malformations and movement disorders of ciliates and some other microorganisms, especially, rotifers. Toxic agents were very likely introduced by anoxic sediments during discharge from the hypolimnium of the artificial dam Liptovská Mara. Further, this dam also negatively influences the temperature regime of the upper Váh watercourse in that it is warmer in the winter and colder in the summer period. This phenomenon causes, particularly, a considerable reduction of the macrozoobenthos diversity, as observed not only in the upper Váh (Krno et al. 1993 ) but also below some North American dams built in similar conditions (Stanford & Ward 1989) . However, no such effect was recognized in the microzoobenthos communities below Liptovská Mara, as the ciliate diversity in the upper Váh was similar to that in other Slovak rivers whose temperature regime is not influenced by large artificial dams (Tirjaková 1993 (Tirjaková , 2003a .
The locality Bystrá is strongly influenced by human activities, especially, by operating of the pulp and paper mill in Ružomberok and the sewage treatment plant in Bystrá, whose organic or inorganic waste matters are very likely discharged into the river from time to time. Ciliates promptly react on the increased organic load in the watercourse by achieving high abundances, which is particularly shown by comparison of the cell densities at Bystrá and Lisková (Table 2 and Fig. 2) . The increased organic pollution at Bystrá is also well documented by the values of the saprobic index averaging 2.77 and by the prevalence of the α-mesosaprobic level, as typical for watercourses affected by anthropogenic pressures (e.g., Madoni 1983 Madoni , 1993 Gracia et al. 1989) .
The ciliate community at Stankovany displays the lowest diversity (H = 2.02) and equitability (e = 0.72) among the three localities studied. Ciliate abundances are on average lower at Stankovany than at Bystrá (1068.9 vs. 1905.8 ind./ml), but are still comparatively high. Although there are no distinct polluters near Stankovany, the biological quality of water is usually the worst there. This is reflected by the average value of the saprobic index (SI = 2.83) and the clear prevalence of the α-mesosaprobic and/or polysaprobic levels, corroborating the general rule that saprobity tends to increase along a watercourse (e.g, Madoni 1993; Madoni & Bassanini 1999; Madoni & Braghiroli 2007) . However, the water quality was during some periods better at Stankovany than at Bystrá, showing a good selfpurification capability of the river and/or a positive effect of the inflow of the Ľubochnianka brook which is upstream of Stankovany. Further, this locality is usually least affected by the toxic pollution, which very likely comes from the artificial dam Liptovská Mara, in comparison with Lisková and Bystrá. This indicates that the river can handle rather quickly and effectively toxic contaminations.
The upper Váh was considerably polluted (III-V quality class) in the past due to the discharge of industrial and wastewaters from urban agglomerations in northern Slovakia (Lukniš et al. 1972) . One decade later, based on the probing survey of zoobenthos and fish in a reach downstream of the industrial town of Ružomberok, Kirka et al. (1982) confirmed the poor biological quality of water belonging to the IV quality class. This situation led to the extinction of the substantial majority of the original upper Váh hydrobiota. However, the hydrobiological situation has changed considerably in a positive way when the artificial dam Liptovská Mara and the sewage treatment plant in Bystrá were built, and the pulp mill situated on the river Revúca, which mouths into the upper Váh, stopped working (Krno et al. 1993) . Moreover, these authors show very low values of the saprobic index as calculated from macrozoobenthos communities (SI = 0.78-1.24 at Lisková and SI = 1.40-1.80 at Bystrá). On the other hand, according to our saprobiological evaluation based on the microzoobenthos communities, the water quality decreased significantly at this reach of the watercourse, whereby the saprobic index ranged from 2.45 to 3.27 (II-III quality class) during the last eight years. However, this conspicuous mismatch could be partially caused by using different indicator groups to calculate the saprobic index. Ciliates indicate worse water quality at the critical water quality classes II and II-III, while macrozoobenthos communities show better water quality than it is in reality (Blatterer 1995) . To overcome this problem, more emphasis should be placed on the ciliate abundances which positively correspond with the amount of organic pollution and thus reflect the bacterial density well (Blatterer 2002 (Blatterer , 2008 . As the relative abundances of ciliates in the upper Váh were relatively high with respect to the clean streams and rivers (e.g., Tirjaková 1997 Tirjaková , 2004 Tirjaková , 2006 Madoni & Bassanini 1999) , it can be assumed that the water quality of the upper Váh has, indeed, decreased in the last decade (cp. Krno et al. 1993) but is much better than in the seventies and eighties (cp. Lukniš et al. 1972 and Kirka et al. 1982) .
Although the artificial dam and the sewage treatment plant had a positive influence on the water quality in the nineties (Krno et al. 1993) , the accumulated anoxic sediments in the artificial dam and the sometimes very likely ineffectively operating sewage treatment plant represent a serious hazard for the upper Váh in the present. Thus, these two hydroengineering structures should be carefully monitored in order to prevent the increase of organic or toxic pollution in this reach of the watercourse.
